In order to understand the temperature and composition dependence of the interdiffusivity of CaO-FeO in the liquid CaO-FeO-SiO2 slag in equilibrium with solid iron, electrochemical measurements have been carried out at 1573 to 1673K. The experimental technique was the chronopotentiometry at constant currents supplied to the following cell:
The interdiffusion of reaction components is a determining factor for the proceeding of metallurgical reactions such as metal-slag reactions and dissolution of solids (e.g. lime and refractory oxides) to the liquid slags. So, many studies have been done on the diffusivity of various elements in liquid metals and slags. The interdiffusivity of the CaO-FeO-SiO2 system, however, has not yet been investigated in spite of its metallurgical importance.
To understand the interdiffusion of a multicomponent ionic melt, it is necessary to know the tracer diffusion coefficients of all component ions(1), or to obtain the diffusion matrix (2) from the concentration distribution of a diffusion couple. In the ternary CaO-FeO-SiO2 system in which Ca and Fe ions may be regarded as mobile and Si ion immobile, the diffusion path is expected to be parallel to the binary CaO-FeO line. If so, the quasi-binary interdiffusion coefficient, DCao-Feo, may be directly compared with diffusion matrix or the tracer diffusivities, DCa and DFe.
The diffusion couple method, when applied to a liquid system, has some disadvantages: (1) The concentration distribution is disturbed by melting and solidifying. (2) Correction for volume change due to phase transformation must be made. (3) Relatively large concentration difference is requisite for analysis. These are avoidable by the use of the electrochemical method proposed by Nowak and Schwerdtfeger(3) and Nagata, Kawakami and Goto(4) independently. However, for the liquid metal electrode, which was used in the above two works, the boundary area and the boundary velocity are not clear.
In the present work, the interdiffusion coefficients, DCao-Feo, in the CaO-FeO-SiO2 melts were investigated at 1573K to 1673K by the electrochemical method using solid iron electrodes.
An electrochemical cell for diffusion experiments is shown in Fig. 1 and described schematically as follows:
When a constant current is passed through the cell between the electrodes 1 and 3, the concentration of FeO at the Fe (1) 
where NFe is the molar flux of Fe ion with respect to external coordinates and CFe is the molar concentration of Fe per unit volume.
The total flux NFe is the sum of the diffusion flux, the bulk flow and the electrophoresis (8):
The tFe values available from the literature (6) are those with respect to oxygen ion as a refervolocity relative to the external coordinates, and D is the interdiffusivity relative to the oxygen solvent-fixed reference frame. Since the velocity are approximately zero,
where a is the radius of the electrode. Substitution of eq. (4) for eq. (3) with the notation, CFe=CFeo=C, for brevity gives (6) When the concentration of oxygen is constant, eq. (6) becomes (9) From eq. (4) and NFe ,r=(Ir/2F), the boundary and initial conditions are,
Solution of eq. (9) will be obtained by the use of Laplace transformation as follows: (Appendix) (11) slag and M is molecular weight), we obtain,
where and This equation indicates that D can be determined from the slope of a straight line between Figure  1 shows a schematic diagram of the cell assembly. The cell assembly was heated by a lanthanum chromate rod-element furnace.
The atmosphere was argon purified by passing through a tube packed with magnesium foils were immersed in a slag melted in an iron -rucible of 40 mmID. The immersion depth was about 10 mm for the electrodes 1 and 2, and about 25mm for the electrode 3. The slag height was 30mm and the crucible was set at the position where the top was hotter by 3K than the bottom. Photographs of potentialtime curves on the synchroscope were taken by varying the current densities from 190 to 400 A/ m2 and the polarities. Three kinds of slag samples were prepared by melting the mixture of reagent grade CaO, SiO 2, and FeO prepared from ferrous oxalate in iron crucibles. Table 1 shows the composi-
Diffusion path
It is considered that the diffusion in an ionic melt occurs dominantly by the vacancy mechanism. Ziebold and Cooper(11) and Lane and Kirkaldy (12) have shown that if each ion has an independent probability of exchange with vacancies, and if no correlated interchange occur (a pure vacancy mechanism), the off diagonal coefficients of L matrix relative to the lattice fixed frame of reference. Then the molar flux of a cation Ji is given by the Nernst-Planck eauation(13), coefficient.
For a system having two mobile cations 1 and 2 and one immobile cation 3, the flux equations are (14) and (15) Okongwu, Lu, Hamielec and Kirkaldy (14) have derived the following set of equation from (16) and (17) In the case of constant anion concentration (z0J0=0), the oxygen lattice-fixed frame of reference coincides with the oxygen solventfixed frame of reference.
To examine the applicability of eq. (17), the diffusion path was studied from the concentration profile after the electrolysis. CaO31.1-FeO28.5-SiO240.4 mass % slag was melted in an iron crucible of 40 mmID. The slag height was 10mm. The constant current of 2A was passed over 1200s at 1600K between the iron crucible and an iron rod immersed in the slag a t the center. After rapid cooling the radial concentration profiles of components of the solidified slag were examined by XMA analysis, as shown in Fig. 2 . At the metal/slag boundary the FeO content increased to 38.7 %. From eq.
The corresponding diffusion path is shown by the line BE on the ternary diagram, Fig. 3 . The line BE' shows another result for smaller current density. It is seen from Fig. 3 that the diffusion path within concentration change (<1.5 %FeO) is parallel to the binary CaO- FeO line. Since the change in FeO content in the present diffusion experiment (chronopotentiometry) was below 0.02%, it follows that interdiffusion occurs between FeO and CaO and eq. (17) is applicable. If FeO had dissolved into the slag, the diffusion path would have crossed the tie line BFeO apex (15) . In the electrolysis, however, the anode and the cathode are a source and a sink of Fe, so the path dose not cross the tie line.
2. Effect of time, current density, and polarity at 1623K giving straight lines above t'1/2= 0.175 (t=0.03s). This implies that the charging of the double layer is completed within 0.03s. The inter-diffusion coefficients were determined from slopes of these lines. The polarity and the current density have no influence on the interdiffusion coefficients, as shown in Fig. 5 .
Effect of the area of counter electrode
The area of the counter electrode contacting with the slag was about 2.5 times as large as that of the working electrode, and the distance between two electrodes was 10mm. The corresponding influence of the counter electrode is proved to be under 5% of mean value of the mass flux around the working electrode. Experimental results with working electrodes of boundary areas ranging from 77 to 107mm2 gave the same value of D within the experimental error (the area of the counter electrode was 250mm2).
4. Interdiffusivity Figure 6 shows the relation between log D and 1/T from which D values are expressed as follows: (18) (19) and (20) The short vertical lines indicate the standard deviations which are below 15 %. The total error is estimated as 75 %: Fig. 5 Relation between interdiffusivity Dcao-Feo in P-slag and current density. where A is the boundary area. The cation diffusion through vacancies is proportional to the concentration of cation vacancies. Slags containing transition metal oxides (e.g. FeO) have a large amount of vacancies because of the variable valence cations. The concentration of cation vacancies is controlled by the reaction (16) 2Fe2++1/2O2(g)=O0+V"Fe+2Fe3+,
where V"Fe, represents cation vacancy and 00 oxygen ion. The equilibrium constant K0 is given by (23) When Fe 3+/(Fe3++Fe2+)=x is proportional to as in solid oxide compounds, the diffusivity may be written as The measured and calculated ratios are in fairly good agreement, which implies D=DFe=Dca in P-slag (x=0.009). The result that the iron and calcium tracer diffusivities are close to each other at x=0.009 is reasonable according to Goto et al.(19) . Goto, Kurahashi and Sasabe (19) have investigated the tracer diffusivities Dca and DFe in CaO33-SiO227-Fe2O340 mass % slag at oxygen pressure changing from 10-3 to 105 Pa. If Fe2O3 will be completely reduced to FeO, the composition becomes NFeo=0.326 and the molar ratio of CaO to SiO2, B=1.31. Extrapolating Dca and DFe to those at the oxygen pressure of the slag in equilibrium with solid iron, the inter-diffusivity D is estimated by eq. (17), as shown in Fig. 6 .
Ukyo and Goto (20) have measured DFe2O3-cao Fig. 7 
